Introduction
The word flocculation derives from the latin 'flocculus' meaning a 'tuft of wool'. Stewart [1] defined flocculation as the "phenomenon wherein yeast cells adhere in clumps and sediment rapidly from the medium in which they are suspended." According to Calleja [2] , terms such as adhesion, agglomeration, agglutination, association, clumping and flocculence are widely used as synonyms of flocculation. However 13, [6] [7] [8] [9] ; and (iii) cell concentration [10] . In a recent review, Speers et al. [11] Flocculation has received quite a significant amount of attention, particularly from brewers. This phenomenon has also been studied by other groups, since flocculent cultures can be grown to very high cell densities [12, 13] , leading to rather high productivities [14] .
Factors affecting flocculation have been extensively studied through the years, e.g. wort components, oxygen concentration, pH, temperature and
cations. An extended review of this matter may be found in Calleja [2] [16] . The a-mannans (probably the best characterized and most studied component of yeast cell wall) are associated with proteins (mannoproteins), which are exposed on the external surface. A detailed review of cell wall structure can be seen in Fleet [17] .
Flocculation is blocked by cyclohexamide [18] The results showed that, even with a proportion of flocculent cells as low as 207o.50% of the whole population will settle down after 7 min (see Fig. 1 A recent review of the mechanism of yeast flocculation may be found in Stratford [42] .
Regulation of flocculation
Another question also to arise concerns constitutiveness and inducibility of flocculation, viz. [44] . Each combination produced cells which, after collection and rinsing, exhibited, when put in standard flocculation conditions, either a powdery or a flocculent behaviour (Fig. 2) .
In The effect of environmental factors in flocculation regained the attention of many authors.
Masy et al. [46] correlated the onset of flocculation with the moment at which the medium contains the exact quantity of calcium necessary for flocculation to occur. On the other hand, Smith et al. [41] reported the initiation of flocculation ability at the moment that'the cells stop dividing, due to nitrogen limitation. The existence of specific proteins connected to flocculation stimulated several authors to look at the molecular aspects of this phenomenon. The identification of correlated genes is not recent. lndeed, Gilliland [48] and Thorne [49] applied genetic crosses to establish the existence of flocculation genes.
Lewis and Johnston [50] identified one dominant flocculation gene named FLOL. The same authors reported the identification of another dominant gene, FLO2 [51] , and of a recessive one, flo3 [52] . Another dominant gene, FLOI, was also located on chromosome I [23, 53] . At last, Russell et al. [54] Recessive genes, flo3, flo6 and floT were also reported [58] . Several lines of evidence suggest that the expression of the FLOI locls is also negatively influenced by modified genes and may be inhibited by suppression genes: fsul and fsu2 [58, 59] .
Besides FLO genes. many mutations giving rise to flocculation have been described, namely tup1, cyc8, abs, wal, and sJll . These mutations and their pleiotropic effects are listed by Strat- ford [60] . In the case of mutation in TUPI and CYCS loci, cells exhibit calcium-dependent flocculation 161,621.
The flocculation in yeast is not a straightforward molecular mechanism. Evans et al. [63] showed that mtDNA can control cell surface characteristics. Several authors [59, [64] [65] [66] [67] [68] 
